INTRODUCTION 43
Polycyclic aromatic hydrocarbons (PAH) have generated a great deal of interest over several decades 44 owing to their known carcinogenic and mutagenic properties (Giger and Blumer, 1974) . PAH are 45 ubiquitous pollutants, present in the atmosphere in the vapour phase and associated with particulate 46 matter (Harrison et al., 1996) , as well as in other environmental media and foodstuffs. PAH congeners 47 are mainly formed through incomplete combustion or pyrolysis of organic material and many have 48 mutagenic and carcinogenic properties, leading to many human health concerns (Collins et al., 1998) . and Namiesnik (2012) . Further studies, however, have highlighted the variable range of emission 62 factors and compound ratios from given source categories, deeming this method of source 63 apportionment imprecise (Katsoyiannis et al., 2011) . In addition, more recent studies have suggested 64 that diagnostic ratios are a useful tool for assessing atmospheric reactivity of PAH, rather than source 65 apportionment, as these ratios are subject to small changes as the distance from the original source 66 increases (Alam et al., 2013; Alam et al., 2014; Keyte et al., 2013; Katsoyiannis and Breivik, 2014) . 67 Principal component analysis (PCA) has also been utilised as a source apportionment method which 68 separates chemical constituents of the atmosphere according to their source using a statistical factor 69 analysis method (Hopke et al., 2006; Mari et al., 2010) . However, PCA is subject to drawbacks 70 including the issue of negative solutions. This has been subsquently overcome by using positive matrix 71 factorisation (PMF) as the preferred technique of source apportionment of atmospheric constituents 72 (Jang et al., 2013; Dvorska et al., 2012) . Sampling was conducted simultaneously at three locations in Jeddah, the second largest city and most 93 significant commercial centre in the Kingdom of Saudi Arabia, with a population of ca. 3.4 million.
94
The sampling sites are shown in Figure 1 . PMF is a multivariate receptor model that is used to identify a number of factors (p), the species profile 143 (f) of each source and the amount of mass (g) contributed by each factor to each individual sample, and 144 is defined as follows:
where x ij is the j th measured species concentration in the i th sample, g ik is the is the factor contribution of 146 k source to i th sample, f kj is the fraction of j species in the k source, and e ij is the residuals matrix. PMF 147 is described in detail elsewhere (Paatero and Tapper, 1994; Paatero, 1997 
where ∂ ij is the estimated uncertainty associated with the determination of x ij and E ij is the scaled 151 residual defined as:
Appropriate uncertainties, ∂ ij , are imperative for PMF analyses, where the user has the freedom to 153 generate the ∂ matrix based on method detection limits and uncertainties in the measurements.
154
Information regarding method detection limits and uncertainties in the chemical measurements, which 155 were applied to these data, are described elsewhere (Delgado-Saborit et al., 2013) . The robust mode is 156 the default mode with EPA PMF v3.0, which reduces the effect of very large variables by treating them 157 as outliers so that they do not affect the model fitting process and results (Sofowote et al., 2011) .
158
Multiple f and g matrices with the same minimum Q value can exist, and thus the least squares 159 approach can produce multiple solutions depending on the initial starting point (Jang et al., 2013; 160 Sofowote et al., 2011) . In order to estimate a statistically stable solution, factor rotation by changing and COR are often used as vehicular emission tracers (Greenberg et al., 1981; Harkov et al., 1984) . 
CONCLUSION 288
The concentrations of PAH measured in Jeddah are overall surprisingly similar to those in Birmingham 289 (UK) and Wanqingsha (China), while being higher than those reported for Kuwait, but far below the 290 measurements reported for Assuit and Giza (Egypt) and Tehran (Iran) (see Table 2 ). Concentrations 291 decline from site A close to the oil refinery to site B which was close to the ring road, which are both 292 significantly higher than those at site C which was in a suburban area in the north of the city. The 293 partitioning of PAH between the particle and vapour phases is broadly similar to that in many other 294 studies but shows some preferential partitioning into particles especially for low molecular weight 295 compounds compared to the data from Birmingham (UK). This is attributed to the very much higher The source apportionment study, which is one of the very few successful published applications of 301 PMF to PAH datasets, clearly shows three major source contributions. The largest appears to be from 302 combustion of diesel and fuel oil, the former probably predominantly in road vehicles while there may 303 be a significant contribution from the Jeddah desalination plant to the latter. The second largest 304 contribution is from refinery emissions while the third contribution, which shows a strong weekday to 305 weekend variation, is attributed to gasoline vehicle emissions. Greenberg, A., Bozzelli, J.W., Cannova, F., Forstner, E., Giorgio, P., Stout, D., Yokoyama, R., 1981. 372 Correlations between lead and coronene concentrations at urban, suburban, and industrial sites in New- (2012) 
